Background: Analgesic use has been implicated in the chemoprevention of a number of solid tumors, but thus far, no previous research has focused on the role of aspirin in endometrial cancer etiology. Methods: We conducted a hospital-based case-control study of 427 women with primary, incident endometrial cancer, and 427 age-and residence-matched controls without benign or malignant neoplasms. All participants received medical services at Roswell Park Cancer Institute in Buffalo, NY, and completed a comprehensive epidemiologic questionnaire. Women who reported analgesic use at least once a week for at least 6 months were classified as regular users and served as the reference group throughout the analyses. We used unconditional logistic regression analyses to compute crude and adjusted odds ratios (OR) with corresponding 95% confidence intervals (CI). Results: Compared with nonusers, regular aspirin users were
Introduction
Endometrial cancer is the most common gynecologic malignancy in North America and the fourth most common female cancer, accounting for 6% of all cancers in women (1) . The American Cancer Society estimates that 40,880 women will be diagnosed with endometrial cancer and 7,310 women will die of this disease in 2005 (1) . Primarily a disease of postmenopausal women, affected women typically present with postmenopausal vaginal bleeding, resulting in earlier diagnosis than for most other gynecologic malignancies (2) . Seventy-five percent of patients present with tumors that are confined to the uterine corpus at the time of diagnosis (3) . Established risk factors for endometrial cancer include age, Caucasian race, history of complex atypical hyperplasia, unopposed estrogen use, Tamoxifen use, history of diabetes mellitus, history of hypertension, obesity, and nulliparity (2) . Although family history of endometrial cancer is not a risk factor, the presence of the hereditary nonpolyposis colorectal cancer syndrome is strongly related to increased risk, as endometrial cancer is the most common noncolonic malignancy in hereditary nonpolyposis colorectal cancer (3) .
Nonsteroidal anti-inflammatory drugs (NSAID), such as aspirin, have gained attention as potential chemopreventive agents for several cancers, including colorectal cancer and adenoma (4-7), esophageal (6, 8, 9) , stomach (6, 8, 10) , ovarian (11) (12) (13) , and breast cancer (14) (15) (16) . Decreased cancer risk may be attributable to NSAID-related inhibition of cyclooxygenase-2 (COX-2) expression and subsequent prostaglandin synthesis, enhancement of cellular immune response, or induction of apoptosis (17) (18) (19) (20) . There have been few studies that address the role of analgesics in the chemoprevention of endometrial cancer. Clinical studies have shown that COX-2 is expressed in both normal endometrial tissue (21) and endometrial tumor tissue (21, 22) . In cell culture experiments, aspirin has been shown to reduce the cellular proliferation of endometrial cancer cells in a dose-dependent manner and to induce apoptosis (23, 24) . Thus, it is biologically plausible that aspirin might influence endometrial cancer risk by inhibiting COX-2 expression in the endometrial tissue. We are unaware of any previous epidemiologic investigation that has focused on the association between aspirin use and risk of endometrial cancer. We conducted a hospital-based case-control study at Roswell Park Cancer Institute to address this gap in the literature. We also conducted analyses on the association between acetaminophen use and risk of this disease. The purpose of including acetaminophen, which does not have COX-2-inhibitory properties, is to rule out the possibility that our results might reflect the effect of factors associated with greater use of pain medication in general, rather than the use of aspirin in particular. Thus, we hypothesized that aspirin use, but not acetaminophen use, would be associated with reduced risk of endometrial cancer.
Materials and Methods
Study population. The study population included women who received medical services at Roswell Park Cancer Institute (RPCI) in Buffalo, NY, between 1982 and 1998, and who agreed to complete a comprehensive epidemiologic questionnaire. These data collection efforts were approved by the RPCI Institutional Review board. Participants with missing medication data were excluded. Informed consent was obtained from all participants. The case group consisted of 427 individuals with primary, incident endometrial cancer, identified from the RPCI tumor registry. Controls included 427 individuals, randomly selected from a pool of 4,291 eligible women who received medical services at RPCI for nonneoplastic conditions. These participants came to RPCI with a suspicion of neoplastic disease, but were not diagnosed with either benign or malignant tumors. Controls were most commonly treated for genitourinary disorders (33%), gastrointestinal disorders (14%), circulatory disorders (8%), breast disorders (7%), and infectious disorders (5%). Conditions that were prevalent in <5% of controls included skin disorders, ill-defined symptoms, musculoskeletal disorders, metabolic disorders, injuries, and neurologic disorders. For 54 controls (12%), the underlying diagnosis was not available; it is likely these individuals came to RPCI for specialized testing or procedures, but received their medical care elsewhere. Controls were frequencymatched to cases on 5-year age and residence inside or outside western New York.
Questionnaire. All participants completed the Patient Epidemiology Data System (PEDS) questionnaire, which was offered to all new patients as part of the admission process, and was returned by f50% of new patients. The 16-page instrument covered information on tobacco and alcohol consumption, family history of cancer, occupational and environmental exposures, reproductive and medical histories, and diet. The instrument also assessed aspirin and acetaminophen use relevant to the period prior to the onset of disease. Specifically, the instrument queried: ''If you are currently ill, indicate how often you took these medications before the illness.'' Participants provided information on how many times a week and for how many years they took aspirin or acetaminophen. Participants who reported use of these medications at least once a week for 6 months were classified as regular users. Frequency of use was assessed by comparing participants who were classified as nonusers to participants who reported that they had taken aspirin either one to six times per week or seven or more times per week. Duration of use was evaluated by comparing nonusers to participants who took aspirin for 6 months to 10 years or >10 years. We also evaluated a combined measure of frequency and duration by computing tablet years (tablets per day Â years of use). Reason for aspirin use was unavailable for these analyses.
Statistical analyses. Descriptive analyses included Student's t tests of means for cases and controls for continuous variables, and m 2 tests for categorical variables. Unconditional logistic regression was used to calculate odds ratios (OR) and 95% confidence intervals (CI). ORs were adjusted for potential confounders, including age, education, body mass index (BMI), parity, age at menarche, and age at menopause. Covariates were only included in the final regression model if they were established risk factors in these data, changed the observed risk estimates by at least 15%, or significantly contributed to explaining the variance in the statistical models. Variables that were evaluated but not included in the final multivariate model included year of participation, smoking status, menopausal status, prior vaginal infection, and oral contraceptive use. The PEDS instrument included questions regarding hormone replacement therapy (HRT) use. Unfortunately, the instrument did not distinguish between unopposed estrogen and combined estrogen/progesterone preparations. In light of the fact that unopposed estrogen, but not combined HRT, is a strong risk factor for endometrial cancer, we were concerned that our HRT variable was unable to distinguish this important difference. As such, we did not include this variable in our statistical model. However, we conducted descriptive analyses and detected no notable differences in the prevalence of regular aspirin use or use patterns between women who reported that they used HRT and those who did not report such use. Furthermore, whereas the instrument included a question regarding the prevalence of diabetes mellitus, such data was missing for a large proportion of women and therefore this variable was not considered in the statistical analyses. Participants classified as nonusers (i.e., those who did not report having used aspirin or acetaminophen at least once a week for at least 6 months) served as the referent category throughout the logistic regression analyses.
Results
The characteristics of the 427 patients with endometrial cancer and the 427 hospital control participants are displayed in Table  1 . Both groups were predominately Caucasian and did not differ by educational attainment or family history of endometrial cancer. Although very similar with respect to age, cases were more likely to be postmenopausal than controls, which is likely due to the fact that the most common symptom of endometrial cancer (vaginal bleeding) is more likely to lead to medical intervention in postmenopausal women. Cases were less likely than controls to have ever smoked cigarettes regularly or to have used oral contraceptives. As expected, endometrial cancer patients had a higher BMI, earlier onset of menarche, later onset of menopause, and fewer children than hospital controls. No differences between the groups were noted for age at first pregnancy or birth, but cases tended to breast-feed for slightly shorter durations compared with controls.
Crude and adjusted associations between analgesic use and risk of endometrial cancer are displayed in Table 2 . Women classified as regular aspirin users were not at lower risk of endometrial cancer than nonusers in this study population (adjusted OR, 0.91; 95% CI, 0.66-1.26). We also observed no significant risk reductions when nonusers were compared with women who took seven or more aspirin tablets per week (adjusted OR, 0.77; 95% CI, 0.49-1.22); women who took aspirin regularly for >10 years (adjusted OR, 1.05; 95% CI, 0.71-1.56); or women who were classified as having >10 tablet years of cumulative use (adjusted OR, 1.20; 95% CI, 0.75-1.92). Similarly, no significant associations were apparent for regular (adjusted OR, 0.96; 95% CI, 0.60-1.54), more frequent use (adjusted OR, 1.12; 95% CI, 0.42-2.98), prolonged duration of use (adjusted OR, 0.69; 95% CI, 0.33-1.46), and greater cumulative use of acetaminophen (adjusted OR, 0.49; 95% CI, 0.15-1.60). It should be pointed out that the prevalence of regular acetaminophen use was low (11% among controls), resulting in the small number of participants in these subgroups, which likely accounts for these inconsistent findings.
We further examined if the association between analgesic use and risk of endometrial cancer was modified by level of BMI. Participants were classified as ''ideal weight'' (BMI, 18.5-24.9 kg/m . Twelve and 15 participants were excluded from these analyses due to missing BMI data or being classified as underweight (BMI, <18.5 kg/m 2 ), respectively. Results from these analyses are presented in Table 3 . Associations between regular aspirin use and endometrial cancer did not differ markedly from those observed in the total sample among ideal weight (adjusted OR, 1.16; 95% CI, 0.71-1.90) or overweight women (adjusted OR, 1.21; 95% CI, 0.65-2.23). In contrast, a statistically significant risk reduction was observed for obese women who were regular aspirin users (adjusted OR, 0.50; 95% CI, 0.27-0.92). Nonsignificant risk elevations were observed for women who were regular acetaminophen users with ideal weight (adjusted OR, 1.49; 95% CI, 0.82-2.12) and overweight (adjusted OR, 2.00; 95% CI, 0.76-4.52). However, these estimates were based on very small numbers as indicated by the width of the corresponding CIs. No association between regular acetaminophen use and risk was apparent for obese women (adjusted OR, 0.89; 95% CI, 0.40-1.82). To further investigate the interesting risk reduction associated with aspirin use among obese women, we investigated the effects of frequency, duration, and cumulative use in this subgroup (Table 4) . We were not able to conduct such detailed analyses for acetaminophen use, due to the low prevalence of regular use of acetaminophen, which does not allow for further subclassification. As can be seen in Table 4 , among obese women, we observed significant dose-response risk reduction for greater frequency (adjusted OR, 0.40; 95% CI, 0.18-0.92), prolonged duration (adjusted OR, 0.46; 95% CI, 0.22-0.96), and greater cumulative use of aspirin (adjusted OR, 0.49; 95% CI, 0.24-0.99).
Finally, we conducted some sensitivity analyses by examining whether or not prevalence of aspirin use was driven by a specific subgroup of controls, but we found no evidence of such potential bias. The prevalence of regular aspirin use in the disease site subgroups of controls was as follows: genitourinary disorders (45%), gastrointestinal disorders (33%), circulatory disorders (44%), breast disorders (36%), and infectious disorders (44%). Thus, all subgroups of controls were relatively close to 41% prevalence of aspirin use in the combined control group. We further compared cases to the groups of controls defined by the major diagnostic classifications and did not observe substantially different risk estimates for any particular subgroup of controls (data not shown).
Discussion
Results from this hospital-based case-control study do not lend support to the hypothesis that regular use of aspirin might be 2925 Potential mechanisms by which aspirin might influence cancer risk are subject to active investigations. Numerous investigations in vitro and in animal models have shown that aspirin, NSAIDs, and COX inhibitors possess anticancer effects in sites such as the colorectum, esophagus, stomach, breast, lung, and ovary (18, 23, 25) . Biochemical methods have been postulated, and not fully determined, but include inhibition of COX activity and a resultant reduction in prostaglandins (23, 25) . COX-2-selective inhibitors have been shown to produce chemopreventive effects by reducing cellular proliferation, inducing apoptosis, and modulating angiogenesis via inhibition of COX-2 activity (26). It is plausible that these mechanisms might also be relevant to endometrial cancer, in light of the observations that COX-2 is expressed in both normal endometrial tissue (21) and endometrial tumor tissue (21, 22) , as well as in vitro evidence demonstrating that aspirin treatment reduces the cellular proliferation of endometrial cancer cells and induces apoptosis (23, 24) .
Interestingly, we saw a significant 50% risk reduction for obese women who were classified as regular users, compared with obese women who did not use aspirin regularly. This finding is further strengthened by our subsequent observations of similar risk reductions associated with greater frequency, duration, and cumulative use of this drug among obese women. These preliminary findings seem to suggest that aspirin exerts a subtle chemoprotective effect in endometrial cancer. There is good evidence linking obesity to insulin resistance and subsequently to higher levels of inflammatory cytokines (27) . Thus, the protective effect of regular aspirin use might be most relevant for women in a chronic proinflammatory state, but might be too subtle to detect in a study of this size among women without obesity-related chronic inflammation. Another potential mechanism by which aspirin use may confer protection for endometrial cancer among obese women relates to the observation that COX-2 levels are correlated with aromatase expression (28) . Thus, it is plausible that obese women who do not use aspirin regularly have higher COX-2-induced aromatase levels and subsequently have greater aromatase-mediated local conversion of estradiol precursors to estradiol in adipose tissue.
Several methodologic issues should be considered in interpreting these results. As in all case-control studies, bias could have affected the validity of the current findings. The use of hospital controls might introduce bias, due to the possibility that some controls were suffering from conditions that could make them more likely to use aspirin. Thus, the potential greater likelihood of aspirin use in the control group might have exaggerated the decreased risk observed for obese Table 3 . Adjusted risk of endometrial cancer in association with regular aspirin and acetaminophen use, by BMI-Roswell Park Cancer Institute (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) women. However, hospital controls were selected from a large pool of eligible participants with a wide variety of noncancer diagnostic groups, minimizing bias arising from potential overrepresentation of patients with characteristics that may be associated with the exposures. In fact, no significant differences with respect to aspirin use were observed for the most common diagnostic categories among controls. Furthermore, we conducted sensitivity analyses in which we compared cases to the groups of controls defined by the major diagnostic classifications of their conditions. Results from these analyses were very similar to our overall findings. Selection bias may have been introduced due to the low participation rate in this study. Only about 50% of eligible cases and controls agreed to complete the PEDS questionnaire. We have no way of ascertaining whether or not those individuals who refused to complete the instrument differed from participants with respect to aspirin use. Nevertheless, previous studies that used the PEDS database and faced the same methodologic issue, consistently replicated established epidemiologic associations for a variety of cancer sites, including the ovary (11, 29) , colon (30), breast (31), prostate (32) , and lung (33) . Recall bias is a common problem in case-control studies of cancer. However, in this investigation, it may have been less of an issue, due to our use of hospital controls. Furthermore, the questionnaire used in this investigation places no particular emphasis on any specific item, which makes it unlikely that cases were more motivated than controls to recall aspirin use. Thus, although we cannot completely rule out the influence of bias, we do not believe that the observed risk reductions associated with aspirin use are the direct result of the potential sources of bias outlined above. Exposure misclassification might have also affected our results, as we based our analyses on self-reported aspirin use and were not able to independently verify this information. Also, the questionnaire did not assess the specific doses of aspirin preparations, such as regular or low-dose tablets. It is possible that some women who took daily low-dose aspirin tablets (81 mg) were classified as heavier users than women who took regular aspirin tablets (325 mg) twice a week. Furthermore, we did not have detailed information on other NSAIDs that participants may have taken and cannot rule out the possibility that cases or controls may have been more likely to have taken preparations such as ibuprofen or prescription NSAIDs, which might have resulted in overestimated, underestimated, or entirely spurious results. However, it is unlikely that any of these potential sources of misclassification were differential in nature. Another limitation relates to the fact that we were unable to account for the potential confounding effect of unopposed estrogen replacement therapy. Although the PEDS questionnaire did include a question about use of HRT, the instrument did not distinguish between unopposed estrogen and combined estrogen and progesterone preparations. Whereas unopposed HRT use is clearly linked to risk of endometrial cancer, we observed no significant differences in aspirin use patterns among women who were HRT users and those who were not. Similarly, we were not able to evaluate the prevalence of diabetes mellitus as a potential confounder, as this information was missing for >85% of participants. It is possible that diabetic women are more likely to use aspirin, due to obesity-related joint pain.
Despite these limitations, there are several strengths associated with this study. First, this is the only study thus far that has attempted to establish a highly biologically plausible link between aspirin use and risk of endometrial cancer. Laboratory evidence has shown COX-2 expression in normal and tumor endometrial tissue (21, 22) , as well as an antiproliferative effect of aspirin administration in endometrial cancer cell lines (23, 24) . Thus, it is possible that aspirin might influence risk by inhibiting COX-2 expression in endometrial tissue. COX-2 inhibition may also lead to reduced aromatase induction and subsequent estradiol synthesis. Second, the study sample in this investigation was relatively large, allowing for a careful evaluation of aspirin use, including frequency of use effects, duration, and tablet years. Finally, our findings are strengthened by the observations that acetaminophen use was not associated with reduced risk of endometrial cancer in obese women. Thus, we can rule out the possibility that the risk reduction among obese women is associated with factors related to pain medication use in general, rather than aspirin use in particular.
In summary, in this first study of the role of aspirin use in the chemoprevention of endometrial cancer, we observed no strong evidence that aspirin use was associated with overall reduced risk of this disease. Significant decreases in risk were seen among obese women who were regular aspirin users, used aspirin more frequently, and used aspirin for prolonged durations. The latter findings warrant further investigation.
